Background: Coliform bacteria are used as indicator organisms for detecting fecal pollution in water. Traditional methods including microbial culture tests in lactose-containing media and enzyme-based tests for the detection of β-galactosidase; however, these methods are time-consuming and less specific. The aim of this study was to evaluate polymerase chain reaction (PCR) for detecting coliform. Materials and Methods: Totally, 100 of water samples from Isfahan drinking water source were collected. Coliform bacteria and Escherichia coli were detected in drinking water using LacZ and LamB genes in PCR method performed in comparison with biochemical tests for all samples. Results: Using phenotyping, 80 coliform isolates were found. The results of the biochemical tests illustrated 78.7% coliform bacteria and 21.2% E. coli. PCR results for LacZ and LamB genes were 67.5% and 17.5%, respectively. Conclusion: The PCR method was shown to be an effective, sensitive, and rapid method for detecting coliform and E. coli in drinking water from the Isfahan drinking water sources.
Introduction
Drinking water should be free from known pathogenic microorganisms and indicator bacteria, both signs of fecal water contamination. [1, 2] Fecally contaminated drinking water is a major public health problem. [3] Coliform bacteria are general contaminants present in drinking water. Therefore, detecting them as indicators of human fecal contamination is very important for protection of public health. [4] Coliforms are aerobic and facultative anaerobic bacteria, Gram-negative, nonspore-forming and rod-shaped bacteria that ferment lactose with gas and acid formation within 48 h when incubated at 37°C. [5] Most coliforms are present in large numbers among the intestinal flora of humans and other warm-blooded animals and are therefore found in fecal wastes. [6] Conventional methods for detecting the microbial contamination of water are based on culturing water samples and diagnosing β-galactosidase using ortho-nitrophenyl-β-D-galactopyranoside. [7] These methods are time-consuming and give false positive results. [8] reaction (PCR) has been suggested as a specific and reliable method for detecting coliforms in drinking water. [9] In this study, the presence of coliforms in drinking water from Isfahan's refinery was evaluated by phenotypic and PCR by the specific amplification of the LacZ gene that encodes the β-Dgalactosidase enzyme and the LamB gene that codes maltose transport protein. These genes were selected because they are the basis of assays for detecting coliform bacteria and Escherichia coli, respectively.
[10]
Materials and Methods

Sampling and sample preparation
Water samples were collected from Isfahan Refinery in aseptic conditions into 500 ml sterile container with propylene lids. Sodium thiosulfate was added to remove chlorine residual. The water samples were immediately examined for bacteriological (total coliform and E. coli) analyses in duplicate. Samples were passed through a 0.45 µm filter by a vacuum pump. To avoid possible contamination, analyses were conducted under a class two laminar flows.
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Biochemical assays
The biochemical tests, oxidase production, methyl red, Vogues-Proskauer test, indole production, citrate test, motility test, and catalase production, were performed according to standard microbiological methods.
DNA extraction
Bacterial DNA was extracted by boiling. 4-5 colonies of bacterial dissolved in 500 µl sterile distilled water for 10 min, then stored in −20°C.
[11]
Polymerase chain reaction
Polymerase chain reaction amplification using the primers as shown in Table 1 was performed using a thermal cycler, and the amplification reaction in a final volume of 25 ml contained 2 µl extracted DNA and the 2.5 µl 10X buffer, 0.5 mM dNTPs, 2.5 units of Taq DNA Polimerase enzyme (cinnagen) and 1 µl of both primers (10 pmol/µl), and 17 µl double-distilled water. Totally, 35 cycles of amplification were performed in a thermal cycler under the following conditions: Initial denaturation at 95°C for 5 min, denaturation at 94°C for 30 s, annealing at 60°C for 30 s, extension at 72°C for 45 s, and final extension at 72°C for 10 min.
They yielded an amplified product 876 bp. A 554 bp sequence downstream from the sequence encoding the lambda attachment site peptide of LamB was amplified using two different 24-mer primers. The amplified products were electrophoresis on a 1.2% agarose gel. E. coli ATCC 25922 DNA and autoclaved deionized water were used as the positive and negative controls, respectively.
Results
The study was conducted on 100 water samples in the laboratory. A total of 80 isolates that were Gram-negative rods were obtained based on Gram-staining and biochemical tests. The results of the PCR and the biochemical tests on all samples are shown in Tables 1-3 .
Polymerase chain reaction analysis of 80 isolates obtained after biochemical analysis of water samples revealed that 68 of the organisms were positive for the LacZ gene; of the 17 organisms isolated from E. coli, 14 (17.5%) were positive for the LamB gene. Results of PCR for LacZ and LamB genes on these samples confirmed the occurrence of 876 bp and 554 bp bands. A similar band was found with the positive control's E. coli DNA that was used, but no amplification was observed with the negative control in which sterile deionized water was used instead of DNA.
Discussion
Coliform bacteria and E. coli are used as indicators to measure the degree of pollution and sanitary quality of drinking water because testing for all known pathogens is a complicated and expensive process. [12] Forward and reverse primers of lacZ and lamB gens and product size.
The traditional methods of coliform detection like methods based on culture, have limitations, such as long incubation periods, interactions with other microorganisms, lack of specificity, lack of accuracy, and poor detection of slow-growing microorganisms. [13] Identifying coliforms with molecular techniques is highly suggested as these methods allow for very specific and rapid detection [14] and can be used to correctly analyze the drinking water performance of the elimination of pathogen performance of the elimination of pathogens in drinking water and treatment of water used for drinking. [5] Three molecular-based methods are generally used: Immunological, PCR, and in-situ hybridization techniques. In the immunological method, various antibodies against coliform bacteria have been produced, but the use of this technique often shows low antibody specificity. The PCR method can detect coliform bacteria using the LacZ gene (gene β-galactosidase) and E. coli bacteria using the LamB gene that codes the maltose transport protein. [10, 15] In this study, 68 number of the organisms were positive for the LacZ gene and 14 (17.5%) of these were positive for the LamB gene.
In one study in Baghdad city of 300 samples, 270 were positive for the fecal and total coliform with routine diagnosis methods, in the same time (200) sample were positive for E. coli. The PCR amplification assay detected the presence of bacteria in 250 of 300 water samples depending on the LacZ genes. [16] Another study in Egypt reported 90% of the collected water samples were positive for coliform. [17] The E. coli genes dct A, uidA, dcuB, frdA, dcuS, and dcuR were modified for use as in the noncultivation-based molecular method to detect E. coli populations in water samples without the need for pure and identified tests. [18] None of these molecular methods however have been standardized for routine usage. [7] Other primer sets considered for two different regions have been proposed for the detection of E. coli, one of them coding for an outer-membrane protein (phoE gene) [19] and the other coding DNA sequences for the V3 and V6 regions of the 16S rRNA genes of pathogenic and nonpathogenic strains of E. coli. These primer sets allow the specific detection of not only E. coli, but also Shigella species when the recommended sequences are amplified. [20] 
Conclusion
The PCR technique is specific and consistent in the clear detection of coliforms and can, therefore, be popularized for routine laboratory assays. Following the isolation of coliform bacteria in drinking water from the refinery of Isfahan, regulations and overseeing various parts to minimize water-borne diseases are recommended.
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